Three databases that provide data on transcriptional regulation are described. TRANSFAC is a database on transcription factors and their DNA binding sites. TRRD (Transcription Regulatory Region Database) collects information about complete regulatory regions, their regulation properties and architecture. COMPEL comprises specific information on composite regulatory elements. Here, we describe the present status of these databases and the first steps towards their federation.
INTRODUCTION
Transcriptional control is one of the most important steps that govern the regulation of gene expression. It is mediated mainly by promoter and enhancer regions, but additionally locus control regions (LCR) and scaffold (or matrix) attachment regions (S/MAR) play a specific role in defining the transcriptional activity of a gene (1) (2) (3) . To characterize the features of the underlying DNA sequences and to enable identification of regulatory signals in newly unravelled genome sequences, we have established and maintain three databases, each of them focussing on distinct aspects of transcriptional control.
TRANSFAC is a database that started with a list of regulatory cis-acting DNA elements and a second table giving some information on the binding proteins (trans-acting factors, transcription factors) (4) . It was subsequently transferred into a simple database format (5) , later into network model-based and relational database systems (6) (7) (8) . TRRD (Transcription Regulatory Region Database) refers to the hierarchy of regulation levels, starting with the regulatory features of a whole gene at the top level and giving information about individual protein binding sites at the bottom level (9) . One intermediary level is represented by composite elements which are characterized by a specific combination of two or more single sites which together constitute a novel module of new quality. This information was made available as a separate database, COMPEL (10) .
In the following, we describe the present structure and content of each of these three databases individually as well as reporting on our efforts to promote their federation.
TRANSFAC DATABASE

Data structure
Because of some major changes, release 2.5 was followed by release 3.0 (July 1996), r3.1 coming out in January 1997. As a constant feature, the tables SITE and FACTOR and the n:n relation between them represent the main building blocks. The structure of the periphery of SITE (tables METHOD, CELL) remained unchanged. A new field contains a short designation of the functional gene region a certain site belongs to (e. g., promoter, intronic enhancer). For many site-factor interactions, 'qualities' were newly assigned which reflect the reliability of the experimental evidence (8) .
The FACTOR entries were re-structured in that the previous field 'cell specificity' was resolved into two new fields describing cell types/tissue in which the corresponding factor is expressed and others where it could not be detected. Position-dependent structural properties are now given in a separate feature table. Global structural properties are still explained as free text. In addition to cross-references to external sequence databases, release 3.1 will include the complete protein sequences of transcription factors. This has been done to facilitate quick access to, e. g., different splice variants or transcription factors encoded by EMBL/GenBank entries that lack the annotation of the coding region and therefore are not in the protein sequence databases.
The assignment of transcription factors to classes (CLASS table) according to the structure of their DNA-binding domain has been re-evaluated according to a more comprehensive hierarchical classification scheme (11) .
The matrix table was supplemented by a new field that gives a short description of the corresponding transcription factor in addition to the linked FACTOR table.
Content of TRANSFAC
The database collects information about cis-acting elements and trans-acting factors from all eukaryotic organisms. The tables * To whom correspondence should be addressed. Tel: +49 531 6181 427; Fax: +49 531 6181 266; Email: ewi@gbf-braunschweig.de SITE, FACTOR, and MATRIX contain entries for vertebrates (60, 73 and 72%, respectively), insects (9/9/12%), higher plants (3/5/3%), fungi (10% in all three tables) and viruses (17/2/2%).
The main focus of the releases 3.0 and 3.1 was to reformat and to update the FACTOR table thus increasing the number of its entries by 14% (total of 1763 entries) in r3.0 (Table 1) , and by >23% (>1900 entries) in r3.1. Considering the acquisition of additional information to pre-existing entries as well, the whole volume of FACTOR increased by 38% (release 3.0). The content of the SITE table, on the other hand, remained relatively stable (Table 1) . However, it has been supplemented by links to a novel GENE table which serves as a link to TRRD (see below). Most important for sequence scanning purposes, the MATRIX table has been considerably enlarged (246 entries in release 3.0). 
TRRD (TRANSCRIPTION REGULATORY REGION DATABASE)
Data structure
Presently, the data contained in TRRD are recorded in one flat file. The hierarchical organisation of transcription regulatory regions of eukaryotic genomes is put into the database schema (9 
COMPEL
The database COMPEL collects information about composite regulatory elements located in the transcription regulatory regions of vertebrate genes. Composite regulatory elements contain two closely situated binding sites for different transcription factors and regulate transcription in a highly specific manner due to specific DNA-protein and protein-protein interactions (see ref. 10 and references cited therein). Composite elements can be divided into synergistic and antagonistic ones according to the type of interaction between the transcription factors involved. Within synergistic type composite elements two transcription factors simultaneously bind their target sites and non-additively (synergistically) activate transcription. Within antagonistic type composite elements, two transcrip- The distance between binding sites within a composite element can vary significantly. They may be located within each other (13) (14) (15) , or they may be separated by 80 bp (16) . For 80% of composite elements, two binding sites are separated by less then 30 bp (Fig. 1) . 
FEDERATION OF TRANSFAC, TRRD AND COMPEL
We have developed an integrated GENE table which contains a list of all the genes described in either of the three databases. It contains a functional classification of the genes similar to the system proposed by P. Bucher for the Eukaryotic Promoter Database (EPD; Table 3 ) (17) . Its main function, however, is to provide a basis for the federation of the three databases described here. Thus, it is linked to TRANSFAC SITE entries by a 1:n relation, to TRRD by a 1:1 relation and to COMPEL by a 1:n relation. In future, the GENE table will also provide links to the Eukaryotic Promoter Database (EPD). Presently, the GENE table contains 1045 genes, among which 215 genes are described in both TRANSFAC and TRRD and 38 gene in all three databases.
The databases are accessible via WWW: http://transfac.gbf-braunschweig.de or http://www.bionet.nsc.ru/TRRD Active links enable the user to shuttle between TRANSFAC SITE, TRRD and COMPEL entries via the GENE table, but COMPEL and TRANSFAC FACTOR are also directly linked. Up to now, the search engines and browsers at either site allow direct access only to the 'domestic' database. Future developments, however, will provide tools for general searches as well.
Users are asked to cite this article when publishing results which have been obtained with the database tools described here.
